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Background: Studies comparing adolescent e-cigarette use in different countries are scarce. We study students’ e-
cigarette and conventional cigarette ever-use, their social correlates and e-liquid use in seven EU countries.
Methods: SILNE-R data (N¼12 167, response rate 79.4%) of 14–17-year-olds from Amersfoort (NL), Coimbra
(PT), Dublin (IR), Hanover (GE), Latina (IT), Namur (BE) and Tampere (FI) were used. E-cigarette and conventional
cigarette ever-use, dual-use, type of e-liquid and social correlates were measured with a school survey and
analyzed with cross-tabulations and multinomial logistic regression. Results: About 34% had tried e-cigarettes,
but the variation was large between the cities (Latina 50%; Hanover 23%). Of e-cigarette ever-users, 37% had
used nicotine e-liquid, 43% exclusively non-nicotine liquid and 20% did not know the content. Nicotine e-liquid
was more prevalent among monthly e-cigarette users and weekly smoking e-cigarette users. The social correlates
were mainly the same for exclusive e-cigarette ever-use, exclusive conventional cigarette ever-use and dual-use.
Boys had greater odds for exclusive e-cigarette and dual-use compared to girls. Of social correlates, low academic
achievement and parental smoking were positively associated with all categories of use, but parental education
and immigrant background were not. The strongest association was found between peer smoking (most/all best
friends smoke) and dual-use (OR 34.29). Conclusions: Students’ e-cigarette ever-use varies greatly between EU
countries. E-cigarettes seem not to be a substitute for conventional cigarettes but more a complementary product.
Tobacco control policies might also prevent e-cigarette use but specific regulations on e-cigarettes are needed to
prevent nicotine addiction originating from them.
. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

402 European Journal of Public Health

https://cls.ucl.ac.uk/wp-content/uploads/2017/04/CLS-
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthcharacteristicsinenglandandwales/2017/pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthcharacteristicsinenglandandwales/2017/pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthcharacteristicsinenglandandwales/2017/pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-11
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-11
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-11


Introduction

E
lectronic cigarette (e-cigarette) use has been increasing world-
wide among adolescents,1 but with differences between countries.

According to a review with studies from 2013 to 2014, e-cigarette
ever-use varied from 4.7% in Germany to 38.5% in Romania,2

but reliable comparisons of adolescent e-cigarette use between the
countries could not be made as the measurements and reporting of
e-cigarette use varied considerably between the studies.3,4 However,
in a couple of studies which used comparable survey instruments,
large country differences were observed.5,6 The scarcity of reliable
cross-national comparisons is a barrier for assessing effects of e-
cigarette and health promotion policies. In this article, we use the
same measurement instrument and comparable samples to study
adolescent e-cigarette ever-use between seven European Union
(EU) countries.

E-cigarettes have been suggested to be a gateway to smoking.7,8 The
liquids used in e-cigarettes to be vaporized (e-liquids) may or may not
contain nicotine,9 which is of importance if the gateway effect is con-
sidered. In most e-cigarette studies, the nicotine content of e-liquids
has not explicitly been asked.3 A few studies on adolescents show
country differences in the use of e-cigarettes containing nicotine. For
example, in Finland, majority of adolescent e-cigarette users reported
nicotine e-liquids10 but in Switzerland, non-nicotine e-liquids were
more common.11 In this article, the content of the e-liquid is studied.

In previous studies, social correlates of adolescent e-cigarette use
have resembled those of conventional smoking,12,13 e.g. male gen-
der,11,14,15 lower academic achievement,13,16 peer14,17 and paren-
tal16,18 smoking and use of other substances.11,13,14 This is not a
surprising finding as most adolescent e-cigarette users also
smoke.1,15,19 However, also never-smokers experiment with e-ciga-
rettes,1,15 even with nicotine liquids,8,10,16 and they may differ from
those who also smoke, i.e. dual-users. Wills et al.20,21 showed that
exclusive e-cigarette users may be placed between non-users and
dual-users when concerning their risk status based on risk and pro-
tective factors. Additionally, even though the correlates of only e-
cigarette and dual-use have been mainly the same, the effect sizes
have been different.12,20–22 In this study, we compare social corre-
lates of exclusive e-cigarette use, exclusive conventional cigarette use
and dual-use. Concerning the gateway from e-cigarettes to conven-
tional cigarettes,7,8 we also explore whether the social correlates
differ between those dual-users who first experimented with
e-cigarettes and those who first experimented with conventional
cigarettes.

This study aims at offering an overview of e-cigarette use among
14–17-year-old students in seven EU countries each represented by
one city. With the same survey instruments, data collection methods
and comparable study populations, we address the following ques-
tions: how common is e-cigarette ever-use and use of nicotine e-
liquid, and whether the use varies between the cities and between
smokers and non-smokers? Which are the social correlates of e-cig-
arette use, and are they the same for exclusive e-cigarette ever-use,
exclusive conventional cigarette ever-use and dual-use?

Methods

Participants and study procedure

We use school survey data from the SILNE-R study (Enhancing the
effectiveness of programmes and strategies to prevent youth smok-
ing: a comparative realist evaluation of seven European cities) col-
lected in Namur (Belgium), Tampere (Finland), Hanover
(Germany), Dublin (Ireland), Latina (Italy), Amersfoort (the
Netherlands) and Coimbra (Portugal). The survey was conducted
in the same way as the previous SILNE-survey, and in the same
cities. The aim was to select cities with population size, income
and employment rate close to the national average ones.23 Two
school grades were selected in each city to cover 14–16-year-old

students in schools. All students in these grades were invited to
participate (N¼16 356) leading to an age range of 12–19 years.
For this study, the students aged 13 or younger and 18 or older
(n¼806) along with the students with missing information on age
(n¼18) were excluded to keep the age variation more compact. The
survey was conducted with paper-and-pencil method during regular
school hours during academic school year of 2016–17. Instantly,
after completion, the questionnaires were sealed in envelopes and
the answers were subsequently entered into a web platform by the
responsible organization of each country. The students’ overall re-
sponse rate was 79.4%. The response rate on student level varied
from 65.8% in Germany to 87.1% in Finland. The study protocol
was approved by the appropriate ethical committee in each survey
country.

Measures

E-cigarette ever-use was assessed with a question ‘Which one of the
following statements concerning electronic cigarettes best describes
you?’ The options were: ‘I have never tried an e-cigarette’, ‘I have
tried an e-cigarette once or twice’, ‘I have tried e-cigarettes more
than twice’, ‘I use e-cigarettes at least once a month’, ‘I use e-ciga-
rettes at least once a week’, ‘I use e-cigarettes every day’ and ‘I don’t
know what e-cigarettes are’. Those, who reported trying e-cigarettes,
were further asked: ‘If you have tried/used e-cigarettes, what sub-
stance did they contain?’ with the options ‘Liquid with nicotine’,
‘Liquid without nicotine’, ‘I don’t know’ and ‘I have never tried e-
cigarettes’. The respondent could tick one or more option. As 11%
of the e-cigarette ever-users had used both nicotine and non-
nicotine e-liquids, we classified e-liquid use according to nicotine
content: used nicotine e-liquids (¼those reporting nicotine or both
e-liquids), used exclusively non-nicotine (¼those reporting only
non-nicotine e-liquids) and does not know. Here, e-cigarette ever-
use refers to those adolescents who had at least tried once or twice,
and monthly e-cigarette use to those reporting at least monthly use.

Smoking status was based on two questions: ‘Have you ever tried
cigarette smoking, even just a few puffs?’ with options ‘No’ and
‘Yes’, and ‘How many cigarettes have you smoked during the last
30 days?’ with options ‘I have never smoked’, ‘None’, ‘1–2 cigarettes
during the last 30 days’, ‘1–2 cigarettes per week’, ‘3–7 cigarettes per
week’, ‘1–5 cigarettes per day’, ‘6–10 cigarettes per day (about half a
pack)’, ‘11–20 cigarettes per day (about one pack)’, ‘21–30 cigarettes
per day’ and ‘More than 30 cigarettes per day’. Those who answered
the first question as ‘Yes’ were classified as ‘Ever-used conventional
cigarettes’, ‘Weekly smokers’ were those who reported smoking at
least 1–2 conventional cigarettes per week.

A combined variable ‘Ever-use of conventional cigarettes and e-
cigarettes’ was computed combining information from the questions
on e-cigarettes and smoking, and a third question: ‘When you tried
e-cigarettes for the first time, what was your relationship with smok-
ing?’ The variable includes five categories: ‘Tried neither of the
products’, ‘Tried only conventional cigarettes’, ‘Tried only e-ciga-
rettes’, ‘Tried both but e-cigarettes before conventional cigarettes’
and ‘Tried both but conventional cigarettes before e-cigarettes’. The
last two categories together constituted category ‘Tried both, i.e.
dual-use’.

Academic achievement was assessed by asking ‘Which of the fol-
lowing best describes your school marks during the past year?’ The
measurement instrument was adjusted for each country, but it sep-
arated students into three categories: ‘High’, ‘Average’ and ‘Low’.
Parents’ educational level was asked for father and mother separate-
ly. The question was adapted for each country. For the analyses, the
answers were combined as the highest educational level of either
father or mother, and a common four categories was used: ‘High’,
‘Average’, ‘Low’ and ‘Do not know/other’. The student was defined
as having immigrant background if at least one of the parents was
born in another country.
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Table 1. Descriptive statistics of the study population, all and by city

All Amersfoort (NL) Coimbra (PT) Dublin (IR) Hanover (GE) Latina (IT) Namur (BE) Tampere (FI)

Response rate, % 79.4 84.9 76.2 80.3 65.8 78.9 84.1 87.1

Participants, N 12 167 1828 1731 1990 1169 1936 1796 1717

Gender, %

Girls 50.2 47.1 50.2 50.9 49.1 55.2 49.8 48.2

Boys 49.8 52.9 49.8 49.1 50.9 44.8 50.2 51.8

Mean age, years 15.04 15.01 15.66 15.15 14.53 14.80 15.28 14.68

Age, %

14–15 years 72.6 74.4 44.6 67.5 91.2 85.3 59.7 91.4

16–17 years 27.4 25.6 55.4 32.5 8.8 14.7 40.3 8.6

E-cigarette use, %

Do not know what they are 1.3 3.9 0.5 1.5 1.7 0.4 0.2 0.7

Never tried 64.5 67.4 75.3 68.8 75.4 49.8 51.7 68.3

Tried once/twice 14.9 11.6 11.9 14.7 11.9 16.9 21.1 15.0

Tried over twice 12.7 12.9 10.0 10.7 7.3 17.7 16.6 11.6

Monthly use 2.7 3.1 1.6 1.9 1.8 4.6 3.3 2.0

Weekly use 2.4 0.8 0.3 1.6 1.1 6.7 4.0 1.8

Daily use 1.5 0.4 0.3 0.8 0.7 4.0 3.0 0.7

Smoking, %

Never tried 63.3 68.1 61.7 72.8 73.7 47.0 51.7 72.0

Tried but do not smoke 19.5 16.7 22.8 16.4 16.9 21.9 23.6 17.6

Occasionally 5.8 5.6 4.1 5.4 3.5 10.2 6.5 4.3

Weekly 4.3 3.9 4.3 2.5 2.3 7.6 6.0 2.5

Daily 7.1 5.6 7.1 2.8 3.6 13.3 12.2 3.7

Academic achievement, %

High 40.8 30.0 34.4 44.2 37.4 65.8 31.8 37.9

Average 39.3 53.8 42.9 38.8 48.9 29.7 30.9 33.6

Low 20.0 16.1 22.7 17.0 13.7 4.5 37.4 28.5

Highest education of either parent, %

High 48.5 54.8 45.9 68.9 50.7 33.0 48.1 36.9

Average 30.6 19.0 28.8 19.8 27.6 49.4 33.3 35.3

Low 9.7 10.4 21.7 5.5 5.0 15.0 7.1 2.0

Unknown 11.2 15.8 3.6 5.8 16.8 2.5 11.5 25.8

Immigrant background, %

No 74.2 78.7 78.5 63.0 55.1 84.3 69.5 85.0

Yes 25.8 21.3 21.5 37.0 44.9 15.7 30.5 15.0

Parental smoking, %

Neither of them smoke 66.5 74.6 63.3 74.8 59.6 58.6 60.0 72.0

At least one smokes 33.5 25.4 36.7 25.2 40.4 41.4 40.0 28.0

Peer smoking, %

None of them smokes 41.6 47.9 34.1 54.0 64.1 16.7 26.3 57.1

Some of them smoke 42.4 41.8 51.4 38.0 30.6 44.7 48.3 38.0

Most or all of them smoke 16.0 10.3 14.5 8.0 5.4 38.5 25.4 4.9

Figure 1 Ever-use of e-cigarettes, conventional cigarettes and both by city
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Parents’ smoking was asked for mother and father separately but
combined with categories of ‘Neither of them smoke’ and ‘At least
one of them smokes’. Peer smoking was asked with a question ‘Do
any of your best and closest friends smoke cigarettes?’ and the
options were: ‘None of them’, ‘Some of them’, ‘Most of them’
and ‘All of them’. Categories ‘Most of them’ and ‘All of them’
were combined due to small frequencies.

Data analysis

Descriptive statistics were first computed for all data and by city.
Use of e-liquids was calculated for those who had tried or used e-
cigarettes. The associations between social correlates and exclusive e-
cigarette, and exclusive conventional cigarette ever-use, and their
dual-use were calculated first with cross-tabulations and then with
multivariate multinomial logistic regression with all the variables in
the same model to explore which of the variables were associated
with the outcome. The multinomial logistic regression was con-
ducted with generalized linear mixed models, which takes the school
clustering into account. City was also one variable in the model with
Hanover as the reference category, as the proportion of ‘tried neither
of the products’ was the largest there. Pearson’s X2 test was used to
test for statistical significance. IBM SPSS Statistics, V.25 was used for
all data analyses.

Results

Prevalence of e-cigarette ever-use

The descriptive statistics of the study population (N¼12 167)
including the distribution of e-cigarette use are presented in table 1.
About 34% of the students had tried e-cigarettes and 37% conven-
tional cigarettes, and most of the students who had tried e-cigarettes
or conventional cigarettes had tried both products (figure 1). The
proportions of students who had tried e-cigarettes varied between
the cities: the highest prevalence was in Latina (IT) (50%) and in
Namur (BE) (48%). The lowest prevalence was in Hanover (GE),

23%. The proportions of conventional cigarette ever-use mainly
followed the proportions of e-cigarette ever-use (figure 1). Weekly
smoking was more common (11%) than weekly use of e-cigarettes
(4%) (table 1). Approximately half of the students had tried neither
conventional nor e-cigarettes with large differences between the cit-
ies: lowest in Latina (IT), 39%, and highest in Hanover (GE), 67%
(Supplementary figure S1).

The content of the e-liquid

Non-nicotine e-liquids (43%) were slightly more commonly used
than nicotine e-liquids (37%) among all e-cigarette users but there
were differences (P < 0.001) between cities (table 2). In Amersfoort
(NL), Coimbra (PT), Hanover (GE) and Latina (IT), non-nicotine
e-liquids were used more often, in Namur (BE) and Dublin (IR),
both liquids were used equally and in Tampere (FI), nicotine e-
liquids were reported more often. When e-cigarette use was more
regular or was related to smoking, the proportion of nicotine e-
liquid was higher; among monthly users, 54% and among weekly
smokers, 60% reported nicotine e-liquid use. About 20% of the
students did not know whether the e-liquid had contained nicotine
or not (table 2).

Supplementary table S1 shows that nicotine e-liquid use was more
common among dual-users who had first tried conventional ciga-
rettes (49%) than among dual-users who had first tried e-cigarettes
(29%), while among those who had tried exclusively e-cigarettes,
only 16% reported nicotine e-liquid use (P < 0.001).

Correlates of e-cigarette and conventional cigarette
ever-use, and dual-use

Table 3 presents the associations between the correlates and ever-use
of e-cigarette, conventional cigarette and their dual-use with the
‘tried neither of the products’ group as the reference category.
Boys had greater odds for exclusive e-cigarette and dual-use, and
girls for exclusive conventional cigarette ever-use. Older adolescents
were less susceptible to exclusive e-cigarette use but more susceptible

Table 2. Distributions of e-liquid types among all e-cigarette ever-users, among monthly e-cigarette users, and among weekly smoking
e-cigarette ever-users

Type of e-

liquid

All, % Amersfoort

(NL), %

Coimbra (PT), % Dublin (IR), % Hanover (GE), % Latina (IT), % Namur (BE), % Tampere (FI), %

All e-cigarette

ever-users

N¼4113 N¼521 N¼416 N¼582 N¼263 N¼957 N¼852 N¼522

Nicotinea 37.2 25.9 36.1 36.0 34.2 35.6 38.6 52.8

Non-nicotine

only

43.3 43.7 43.7 32.6 48.1 54.5 40.9 34.8

Do not know 19.6 30.4 20.2 31.4 17.7 9.9 20.5 12.4

Pb <0.001

Monthly e-cig-

arette users

N ¼793 N ¼77 N ¼39 N ¼83 N ¼42 N ¼294 N ¼183 N ¼75

Nicotinea 53.8 50.6 50.0 65.4 45.2 41.8 59.1 85.1

Non-nicotine

only

39.5 33.8 50.0 19.8 47.6 54.8 32.0 14.9

Do not know 6.8 15.6 0.0 14.8 7.1 3.4 8.8 0.0

Pc <0.001 <0.001 0.005 <0.001 0.085 <0.001 <0.001 <0.001

Weekly smok-

ing e-cigar-

ette ever-

users

N ¼1163 N ¼131 N ¼149 N ¼93 N ¼54 N ¼364 N ¼285 N ¼87

Nicotinea 60.4 53.4 51.0 67.0 61.1 55.5 64.9 84.5

Non-nicotine

only

27.7 25.2 35.2 9.9 25.9 36.0 24.5 14.0

Do not know 12.0 21.4 13.8 23.1 13.0 8.5 10.6 1.2

Pd <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

a: Includes also use of both nicotine and non-nicotine.
b: Statistical significance of the difference in e-liquid use between cities.
c: Statistical significance of the difference in e-liquid use between monthly users and non-monthly users.
d: Statistical significance of the difference in e-liquid use between weekly and non-weekly smokers.
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to conventional cigarette ever-use and to dual-use when compared
to younger ones. Parental smoking was positively associated with use
of all products, but more strongly with dual-use. The strongest as-
sociation was found between peer smoking (most or all of best
friends smoke) and dual-use [odds ratios (OR) 34.29, 95% confi-
dence intervals (95% CI) 28.39–41.40]. Average and low academic
achievement were positively associated with all categories of use, but
parental education and immigrant background were not (table 3).
Supplementary table S2 shows the distributions of different catego-
ries of use within correlates. There were differences between groups;
e.g. among tried neither group, the proportion of most or all of
friends smoking was 4.6%, while the corresponding proportion
among dual-users was 39.7%, among exclusive e-cigarette users
12.8%, and among exclusive conventional cigarette users it was
20.1% (Supplementary table S2).

Supplementary table S3 presents the cross-tabulations and
Supplementary table S4 presents the associations between the corre-
lates and ever-use of e-cigarette, conventional cigarette and their
dual-use separated by the first product tried. Of all study popula-
tion, tried neither group constituted 54.7% but of high academic
achievers 63.6%, while the corresponding proportions for exclusive
e-cigarette users were 8.8% and 7.6%, and for exclusive conventional
cigarette users they were 11.4% and 9.3% (Supplementary table S3).
The associations between the correlates and both categories of dual-
use were similar but slightly stronger for dual-use with conventional
cigarettes as the first product, e.g. the OR of low academic achieve-
ment was 2.04 for dual-users with e-cigarettes first, and 2.89 for
dual-users with conventional cigarettes first (Supplementary table
S4).

Discussion

Prevalence of e-cigarette use

This is the first study on students’ e-cigarette ever-use in differ-
ent European countries with the same survey. Approximately
one-third of students had tried e-cigarettes, and one-third con-
ventional cigarettes, but regular use of e-cigarettes was less com-
mon than regular use of conventional cigarettes (4% vs. 11%
weekly). The city variation in e-cigarette ever-use was large,
the highest prevalence in Latina (IT) and in Namur (BE), and
the lowest in Hanover (GE). Majority of e-cigarette ever-users
had also tried conventional cigarettes, which shows how exper-
imenting with these two products go hand in hand in
adolescence.

The close connection of conventional and e-cigarette ever-use was
not seen only on the individual level but also on the city level. When
the use of conventional cigarettes was high in the city, so was the use
of e-cigarettes. Similar result was shown in a study of La Torre and
Mipatrini24 on country-level correlates of adult e-cigarette use in EU
countries: the prevalence of current e-cigarette use correlated posi-
tively with the prevalence of current smoking. At the time of our
data collection, the implementation of the new Tobacco Product
Directive25 had not reached the national levels and e-cigarettes
were available quite freely. This means that the policy environment
concerning e-cigarettes in the studied EU countries was approxi-
mately similar while anti-smoking activities measured by the
Tobacco Control Scale26 varied a lot. The correlation of e-cigarette
and conventional cigarette use both on the individual and on city

Table 3. Adjusted OR and 95% CI from multinomial logistic regressiona for exclusive e-cigarette use, exclusive conventional cigarette use
and dual-use by correlates (reference category: tried neither, n¼6521)

Only e-cigarette use Only tobacco us Dual-use

Intercept 0.024 (0.016–0.034) 0.060 (0.044–0.081) 0.032 (0.024–0.043)

City

Hanover (GE) 1.00 1.00 1.00

Amersfoort (NL) 1.67 (1.07–2.60) 1.32 (0.91–1.91) 1.06 (0.75–1.51)

Coimbra (PT) 0.66 (0.40–1.07) 1.05 (0.72–1.52) 0.70 (0.49–0.99)

Dublin (IR) 1.92 (1.27–2.91) 0.67 (0.47–0.97) 1.04 (0.74–1.46)

Latina (IT) 1.71 (1.09–2.68) 1.16 (0.79–1.69) 1.94 (1.38–2.74)

Namur (BE) 2.08 (1.35–3.20) 0.92 (0.64–1.33) 1.42 (1.01–2.00)

Tampere (FI) 1.70 (1.12–2.56) 0.78 (0.54–1.13) 1.49 (1.07–2.07)

Gender

Girl 1.00 1.00 1.00

Boy 2.79 (2.40–3.26) 0.73 (0.64–0.83) 1.51 (1.35–1.68)

Age

14–15 years 1.00 1.00 1.00

16–17 years 0.77 (0.64–0.93) 1.54 (1.33–1.79) 1.38 (1.21–1.57)

Academic achievement

High 1.00 1.00 1.00

Average 1.36 (1.16–1.61) 1.49 (1.28–1.73) 1.61 (1.41–1.83)

Low 1.79 (1.46–2.19) 2.16 (1.80–2.60) 2.69 (2.31–3.14)

Highest education of either parent

High 1.00 1.00 1.00

Average 1.36 (1.15–1.61) 1.05 (0.90–1.22) 1.12 (0.99–1.27)

Low 0.84 (0.63–1.13) 1.05 (0.84–1.30) 1.05 (0.87–1.27)

Unknown/other 0.91 (0.72–1.16) 0.79 (0.62–0.99) 0.68 (0.56–0.82)

Immigrant background

No 1.00 1.00 1.00

Yes 1.18 (0.99–1.38) 1.02 (0.87–1.18) 1.00 (0.88–1.14)

Parental smoking

Neither of them smoke 1.00 1.00 1.00

At least one of them smokes 1.28 (1.10–1.50) 1.54 (1.35–1.76) 1.74 (1.55–1.94)

Peer smoking

None of them smokes 1.00 1.00 1.00

Some of them smoke 2.33 (1.99–2.71) 3.44 (2.96–4.00) 6.53 (5.68–7.50)

Most or all of them smoke 4.62 (3.56–5.98) 8.37 (6.72–10.44) 34.29 (28.39–41.40)

a: All the variables in the same model.
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level suggests that e-cigarettes seem to be complementary to, and not
a substitute for, conventional cigarettes.

Reliable previous country comparisons on adolescent e-cigar-
ette use are lacking but in a review of Greenhill et al.,2 similar
differences were noticed as in our study: e-cigarette ever-use was
lower in Germany compared to Finland and Ireland. Large coun-
try differences have also been observed in two non-European
studies but in very different policy environments.5,6 In our
study, the lowest prevalence of smoking and e-cigarette use in
Germany is interesting as Germany had nearly the lowest score
(37/100) in the Tobacco Control Scale26 in Europe. This shows
that the country-level correlates of adolescent e-cigarette use,
which go beyond relevant policies, should be identified in future
studies.

The content of the e-liquid

Non-nicotine e-liquid was used more often than nicotine e-liquid
among all e-cigarette users in all cities except Tampere (FI) and
Dublin (IR). A comparison with previous studies can be made
only from Finland where a national study in 2015 showed a corre-
sponding figure of nicotine e-liquid use as in our study.16

In our study, the proportion of nicotine e-liquid was higher
among adolescents who used e-cigarettes more regularly than
among e-cigarette experimenters. Correspondingly among smoking
e-cigarette users, nicotine e-liquid was used more than among non-
smokers. This finding coincides with previous findings from the
USA, where adolescent smokers and heavier e-cigarette users con-
sumed nicotine e-liquids more often.27,28 These findings also sup-
port the view of e-cigarettes as a complementary product and as a
complementary source of nicotine to, and not a substitute for, con-
ventional cigarettes. In our study, those e-cigarette ever-users who
later had also tried smoking, had used nicotine e-liquid more often
than exclusive e-cigarette users. This hints that nicotine may play a
role in the transition from never-smoking to smoking after e-cigar-
ette experimentation. One previous follow-up study8 has confirmed
nicotine’s role in this transition, and as nicotine is a highly addictive
drug,29 this is also very plausible.

Correlates of ever-use of e-cigarette and conventional
cigarette and dual-use

The correlates were mainly the same for exclusive e-cigarette ever-
use, exclusive conventional cigarette ever-use and dual-use with
some differences, and the magnitudes of OR varied. Comparison
with other studies concerning the correlates is challenging as they
have previously been studied mainly for e-cigarette use, and the
group may have included dual-users. However, our results coincide
those of Wills et al.20 where the correlates of exclusive e-cigarette
and exclusive conventional cigarette ever-use were mainly the same
as of dual-use. Our results also confirm the previous results that
male gender and older age,12,22 and parental and peer smoking12 are
risk factors for e-cigarette use and especially for dual-use.

Younger students had greater odds for having tried exclusively e-
cigarettes. This result is logical, as smoking experimentations and
regular smoking become more frequent during adolescence.30

Friends and peers, and their behaviour, are a major factor in ado-
lescent e-cigarette use16,31 as supported also by our results. As e-
cigarettes may increase smoking also among those adolescents who
are not originally susceptible to conventional cigarettes,32 it is im-
portant to concentrate also on preventing e-cigarette use. The same
strategies that are used for smoking prevention might work also for
e-cigarettes as the correlates are mainly the same.

Strengths and limitations

A major strength of our study is that in each city, we used the same
school survey design and the same instruments in the same age
groups, and that the survey was conducted during the same

academic year. However, we cannot exclude the possibility that there
have been some minor differences in the data collection, in the
selection of respondents or in the instruments between cities.
Although the selected cities were average ones in terms of popula-
tion size, income and employment rate,23 we cannot exclude the
possibility that the survey cities’ prevalence do not represent the
prevalence of the whole country.

The overall response rate was high, but it varied between the
cities. In Hanover (GE) and Latina (IT), active parental consents
were required, which may have resulted in lower response rates. We
also used self-reported data, which may have led to misreporting on
e-cigarette and conventional cigarette ever-use. However, adoles-
cents’ self-reporting on smoking has been shown to be accurate
and to correspond to biochemical measures.33–35 Adolescents’
reports on e-liquids may have been more inaccurate, and a consid-
erable proportion of students did not know whether the e-cigarette
contained nicotine or not.

Conclusions

Student e-cigarette ever-use in 2016–17 varied strongly between EU
countries even though the policy environment of e-cigarettes was
similar. Students’ experimentations with e-cigarettes were as fre-
quent as their experimentations with conventional cigarettes. Most
e-cigarette ever-users had also tried smoking or were smokers. Use
of nicotine containing e-liquid was more frequent among those
students who used e-cigarettes more frequently. E-cigarettes seem
to be complementary to conventional cigarettes meaning that they
are primarily another nicotine product additional to conventional
cigarettes, and not a replacement for them. Although tobacco con-
trol policies might also prevent e-cigarette use to some extent, spe-
cific regulations on e-cigarettes are needed to prevent nicotine
addiction originating from e-cigarette use.

Supplementary data

Supplementary data are available at EURPUB online.
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Key points

• Student e-cigarette ever-use varies largely between EU coun-
tries and follows the variation in conventional cigarette ever-
use.

• Non-nicotine e-liquid use is somewhat more common than
nicotine e-liquid use among all e-cigarette ever-users.
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• Nicotine e-liquid use is more common than non-nicotine e-
liquid use among monthly e-cigarette users and weekly smok-
ing e-cigarette users.

• The social correlates are mainly the same for exclusive e-cig-
arette ever-use, exclusive conventional cigarette ever-use and
dual-use.

• The same strategies that are used for smoking prevention
might work also for e-cigarettes.
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